Abstract apolipoprotein (apo) A-IV, a structural component of chylomicrons and high-density lipoproteins, may play a role in the catabolism of trigyceride-rich lipoproteins and in reverse cholesterol transport. To study the regulation of apoA-IV gene expression by genetic and nutritional factors, we determined the effect of a fish oil-rich and a sucrose-rich diet on apoA-IV gene transcription and nuclear and total cellular apoA-IV mRNA abundance in livers of genetically obese, hyperlipoproteinemic (fa/fa) Zucker rats and their lean (Fa/-) littermates. In obese rats fed chow, hepatic apoA-IV gene expression was more than twofold higher than in lean rats because of a posttranscriptional mechanism. apoA
Introduction
Changes in plasma lipoprotein levels in response to dietary stimuli such as excess cholesterol and/or altered fatty acid composition differ among individuals ( 1, 2) . Studies in animal models have shown that genetic components play a major role in the adaptive response ofthe lipid-transport system to dietary perturbations (3) (4) (5) . Inherited differences in the regulation and/or structure of genes coding for apolipoproteins, lipoprotein receptors, and key enzymes ofplasma lipoprotein metabo-lism may be critical for an individual's response to diet. Recent studies have, therefore, attempted to link polymorphisms in the human apolipoprotein B (apoB),' apoE, and low-density lipoprotein receptor genes to dietary response patterns (6, 7) .
Inbred strains of mice that exhibit large variations in basal and diet-induced expression of several apolipoprotein genes in the liver have provided useful models for studying the interaction of genetic and dietary factors in the regulation of apolipoprotein gene expression (8-1 1) . The expression of the gene coding for apoA-IV appears to be particularly sensitive to dietary regulation in mouse liver. Hepatic apoA-IV mRNA abundance on a basal diet, as well as changes in apoA-IV gene expression in response to an atherogenic diet, varied by orders of magnitude among inbred strains of mice, whereas apoA-I and apoA-II gene expression varied much less (8, 10, 11) . apoA-IV is found mainly in chylomicrons, high-density lipoproteins, and the lipoprotein-free plasma fraction ( 12, 13) and is synthesized in the liver and intestine in mice and rats ( 14) . Although the function ofapoA-IV remains to be determined in detail, both in vitro and in vivo studies suggest a role of apoA-IV in triglyceride transport (15) (16) (17) .
In genetically obese Zucker rats, used as a model for human obesity ( 18 ) , the production of apoA-IV by the liver and the abundance of hepatic apoA-IV mRNA are severalfold higher than in lean littermates ( 19, 20) . The obese Zucker rat is characterized by autosomal recessive obesity linked to an allele termed fa, which has recently been mapped to chromosome 5 (21) . Homology of this allele to the mouse diabetes (db) gene has been suggested (21) . Obese (fa/fa) Zucker rats develop marked hyperlipoproteinemia, a result of overproduction of very low density lipoproteins enriched in triglyceride (22) (23) (24) . Lean (Fa/ -) Zucker rats are normolipemic.
As in mice, hepatic apoA-IV gene expression in rats is subject to dietary regulation. A sucrose-rich diet increases triglyceride production by the liver and upregulates hepatic apoA-IV gene transcription (25) , whereas diets rich in fish oil reduce hepatic triglyceride production and decrease the net production of apoA-IV in primary rat hepatocyte cultures (26). We, therefore, reasoned that the obese Zucker rat, like the inbred mice, may serve as a model to study the interaction of genetic and dietary factors in the regulation of apoA-IV gene expression.
To gain insight into the mechanism that increases basal apoA-IV gene expression in liver ofobese Zucker rats, we measured apoA-IV gene transcription rates and nuclear and total cellular apoA-IV mRNA abundance in obese and lean Zucker rats fed rat chow. To determine whether genetic obesity alters dietary influences on apolipoprotein gene expression, we evaluated hepatic apoA-IV and apoA-I gene expression in obese and lean Zucker rats fed a fish oil-rich or sucrose-rich diet.
We report that basal hepatic apoA-IV mRNA abundance in obese Zucker rats is increased over that in lean rats by a posttranscriptional mechanism. The fish oil diet markedly de-creased hepatic apoA-IV gene transcription in lean Zucker rats, but had no effect on the enhanced hepatic apoA-IV gene expression in genetically obese rats. For apoA-I, basal gene expression was similar between obese and lean Zucker rats, as was the effect of fish oil feeding on gene expression. The effect ofsucrose feeding did not vary by type ofrat for either apoA-IV or apoA-I gene expression.
Methods
The 5'-a-[2PJUTP (3,000 Ci/mM) and 5'-a-[2P]dCTP (2,000 Ci/ mM) were obtained from New England Nuclear (Wilmington, DE), restriction enzymes and RNase-free DNase I from Boehringer Mannheim (Mannheim, Germany), and Zeta Probes nylon membranes from Bio-Rad Laboratories (Richmond, CA). Nitrocellulose (BA 85) was purchased from Schleicher and Schuell (Dassel, Germany).
Male obese (fa/fa) and lean (Fa/-) Zucker rats, 8 wk of age, were obtained from Harlan Olac Inc. (Bicester, England) (animal set I) or IFFA Credo (L'Arbresle, France) (animal set II). The rats were housed in a room with a 12-h light cycle (7-19 h ). Rats were fed regular rat chow, a fish oil-rich diet, or a sucrose-rich diet for 3 wk ad lib. Rat chow (Laboratory Rodent Diet; Purina Mill Inc., Richmond, IN) contained 26% (wt/wt) protein, 54% carbohydrate, 6% fiber, 6% fat, 7% minerals and trace elements, and vitamins. The fish-oil diet (High Menhaden Oil Diet, ICN, Cleveland, OH) contained 20% (wt/wt) menhaden oil, 1% corn oil, 20%0 casein, 33% sucrose, 5% alphacel, 15% cornstarch, 4% mineral mixture, 0.3% DL-methionine, 0.12% a-tocopherol (250 IU/g), and 1.2% vitamin mixture. The sucrose-rich diet (High Carbohydrate Diet, ICN) contained 68% (wt/wt) sucrose, 18% casein, 8% cottonseed oil, 2% brewer's yeast, 4% salt mix USPII, vitamins, and trace elements. Obese Zucker rats on chow, the fish-oil diet, or the sucrose-rich diet gained significantly more weight than lean Zucker rats on the same diet (3.4±0.5 to 4.1±0.7 g/d for obese vs. 1.7±0.6 to 2.5±0.4 g/d for lean, mean±SD, P < 0.05, analysis of variance). The average weight gains in obese and lean Zucker rats were not influenced by the three different diets. The average weight was 478±18 g for obese and 353± 10 g for lean rats (mean±SD, 28 lean and 28 obese rats).
On rat chow, mean plasma trigycerides and total cholesterol were 277±106 and 138±18 mg/dl in obese and 43±20 and 73± 10 mg/dl in lean rats, respectively (mean±SD, n = 11, P < 0.001 for both triglyceride and cholesterol, analysis of variance), as determined by enzymatic methods (27, 28) . The triglyceride-lowering effect of fish oil diet in obese Zucker rats described previously (29) was confirmed in our studies. Plasma triglyceride decreased from 277± 106 to 17 1±56 mg/dl (11 rats per group, P < 0.01) . The fish oil diet increased total plasma cholesterol from 138±18 to 178±30 mg/dl (P < 0.01) in obese rats. The sucrose-rich diet increased plasma triglycerides from 25±4 to 155± 101 mg/dl in lean rats (P < 0.01, analysis ofvariance, 6 rats per group). In obese rats fed the sucrose diet, plasma triglyceride levels did not differ significantly from those in obese controls fed chow (291±76 vs. 253±92 mg/dl in controls, 6 rats per group). The sucrose-rich diet did not affect plasma cholesterol levels (98±11 vs. 81±5 mg/dl in lean rats, and 161±14 vs. 150±8 mg/dl in obese rats fed chow or sucrose diet, respectively; 6 rats per group).
On the day on which rats were killed, food was removed at 8 a.m., and 1-6 h later the rats were anesthetized by 5 mg per 100 g i.p. sodium pentobarbital before collection of blood from the inferior vena cava and removal of livers.
The recombinant plasmids used in this study were pGEM-3Z plasmids containing full-length cDNA inserts coding for apoA-IV (25), apoA-I (kindly provided by Dr. L. Chan, Baylor College of Medicine, Houston, TX), apoC-III (25) , and mouse 82 microglobulin (30 (34) . Cell-free transcription was performed by the method of Birch and Schreiber (36) as previously described (34, 37) . Under our experimental conditions, transcription was DNA dependent, and RNA polymerase II activity amounted to 55% oftotal transcription, as previously reported (34) . Transcription from the apolipoprotein genes was abolished by 2.5 ,g/ml a-amanitin. The newly synthesized 32P-labeled transcripts of the apoA-I and apoA-IV genes were quantitated by hybridization to an excess (5 gg) of plasmid containing apoA-I or apoA-IV cDNA inserts immobilized on nitrocellulose membranes by dot blotting as in earlier experiments (25, 37) . Nonrecombinant plasmid pGEM-3Z was used to determine nonspecific hybridization. Radioactivity was eluted from the filters with 0.3 M NaOH, and the samples were counted for 20 min in a liquid scintillation counter. The relative rates of apoA-I and apoA-IV gene transcription were calculated by subtracting the cpm 32P bound to the filters containing nonrecombinant plasmids (1-2 ppm) from the cpm 32P bound to the filters with plasmids containing the apoA-I or apoA-IV cDNA inserts, and then dividing the cpm 32P bound by the [32p]RNA input. [3HIcRNA standards for apoA-I and apoA-IV were transcribed from the plasmid templates using Sp6 or T7 polymerase as described by Melton et al. (38) . To determine hybridization efficiency, 1,000 cpm of the appropriate [3H]cRNA standard was included in the hybridization reaction. Transcription rates were corrected for hybridization efficiency (indicated in legends to Tables I and II) and are given as parts per million of [32p]_ RNA input. No significant differences in the hybridization efficiency were found between the experimental groups.
Nuclear RNA was extracted using guanidine isothiocyanate and isolated by CsCl density gradient ultracentrifugation following the protocol of Lamers et al. (39) as reported previously (37) . Nuclear RNA was analyzed by Northern blotting and quantitative slot blotting followed by soft laser densitometry of autoradiograms.
For comparison of mean values, one-way analysis of variance and Scheffe tests were performed using the SPSS/PC+ program package. Results are given as mean values±SD.
Results
Basal apoA-IV and apoA-I gene expression in livers ofobese (fa/fa) and lean (Fa/-) Zucker rats. Among the rats fed chow, total hepatocellular apoA-IV mRNA abundance was at least twofold higher in obese than in lean rats, as determined by quantitative slot blotting (Table I and Fig. 1 ). The increased apoA-IV mRNA abundance in obese Zucker rats is consistent with earlier reports (20) . Northern blotting of total cellular RNA showed a single apoA-IV mRNA species ofexpected size and confirmed the data obtained by slot blotting (Fig. 2 ).
To determine at what level of gene expression apoA-IV expression is increased in obese Zucker rats, we measured apoA-IV gene transcription by run-on assays using isolated liver cell nuclei. apoA-IV gene transcription did not differ between obese and lean Zucker rats in three run-on assays performed with nuclei from two independent sets of animals (Table I and Fig. 1) . Thus, posttranscriptional mechanisms must be responsible for the higher apoA-IV mRNA abundance in obese Zucker rats.
Hepatic apoA -IV Gene Expression in Genetically Obese Zucker Rats 1767 To distinguish between posttranscriptional events controlling mRNA maturation and stabilization of mature mRNA in the cytoplasm, we measured the abundance of nuclear apoA-IV RNA in obese and lean Zucker rats. Nuclear apoA-IV RNA abundance was 3.4 times higher in obese than in lean rats, as determined by quantitative slot blotting, and accounted for the increase in total cellular apoA-IV mRNA abundance (Table I, confirmed the higher abundance of apoA-IV RNA established by slot blotting and showed, in addition to mature apoA-IV mRNA, three larger apoA-IV RNA species (Fig. 3) . The proportions of nuclear apoA-IV RNA species did not differ between obese and lean rats, as judged by densitometry ofNorthern blots. Given the similarity in apoA-IV transcription rates, these data are consistent with increased stability and/or enhanced processing of the primary apoA-IV gene transcript in obese rats.
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apoA-I gene expression was studied to validate the enhanced apoA-IV gene expression in obese Zucker rats, since previous studies showed the net production of apoA-I in hepatic perfusates to be similar in obese and lean Zucker rats (24). To identify genetic influences on the hepatic expression of the apoA-I and apoA-IV genes was also of interest, since these genes are closely linked to each other and to the apoC-Il1 gene ( 17) . Consistent with the results in hepatic perfusates (24), abundance of hepatic apoA-I mRNA did not differ between obese and lean Zucker rats (Table II and Figs. 1 and 2) . Similarly, there was no difference in apoA-I gene transcription rates or nuclear apoA-I RNA abundance (Table II and Figs. 1  and 3) .
As an additional control, we determined the mRNA abundance of apoC-Il by quantitative slot blotting and Northern blotting. Although apoC-III protein production has been reported to be increased in obese Zucker rats (24), hepatic apoC-III mRNA abundance was comparable between obese and lean animals (93±15% in obese and 100±1 3% in lean, three pools of two animals each). Northern analysis confirmed these results (data not shown). These results suggest that apoC-III production in obese Zucker rats may be increased at the translational or posttranslational level, as has been proposed for the increased hepatic apoC-III production in Sprague-Dawley rats in response to a sucrose-rich diet (25) .
Effect offish oil diet on hepatic apoA-IV and apoA-I gene expression. To study the effect of a fish oil diet on hepatic apoA-IV gene expression, we measured total cellular and nuclear apoA-IV mRNA abundance and apoA-IV gene transcription in livers oflean and obese Zucker rats fed a diet containing 20% (wt/wt) menhaden oil or rat chow for 3 wk. The fish oil diet decreased total cellular hepatic apoA-IV mRNA abundance of lean Zucker rats to 34±4% of its abundance in lean rats fed chow (P < 0.01, analysis ofvariance, Scheffe test; Table  I and Figs. 1 and 2 ). In contrast, the fish oil diet did not deApoA-I (Fig. 2) .
The fish oil diet decreased apoA-IV transcription rates to less than one third ofcontrol levels in liver cell nuclei from lean rats. This decrease accounted quantitatively for the decrease in total cellular apoA-IV mRNA abundance (Table I and Fig. 1) . In contrast, apoA-IV gene transcription did not decrease in obese rats in response to the fish oil diet. Furthermore, the abundance of nuclear apoA-IV mRNA precursors decreased in lean but not in obese fatty rats (Table I and Figs. 1 and 3) . Thus, the fish oil diet markedly decreased apoA-IV gene expression in lean Zucker rats at the transcriptional level, but had no effect on apoA-IV gene transcription or abundance of nuclear and total cellular apoA-IV mRNA in obese Zucker rats.
To determine whether the different effect of the fish oil diet on apoA-IV gene transcription in lean and obese rats was specific to this gene, we studied dietary effects on apoA-I gene expression and apoC-III mRNA abundance. Unlike apoA-IV mRNA abundance, apoA-I mRNA abundance decreased twoto threefold in both lean and obese rats fed the fish oil diet (Table II and Figs. 1 and 2) . In lean rats, the decrease in apoA-I mRNA abundance could be explained quantitatively by the decrease in apoA-I gene transcription and nuclear RNA abundance. In obese rats, the abundance of total cellular apoA-I mRNA decreased to a greater extent than apoA-I gene transcription and nuclear apoA-I RNA abundance. Neither in lean nor in obese rats did the fish oil diet reduce the abundance of apoC-III mRNA ( 100± 13 vs. 89±9% ofcontrol in lean rats fed chow or fish oil, and 93±15 vs. 100±19% of control in obese rats fed chow or fish oil, three pools of two rats each, quantitative slot blotting).
Effect ofsucrose-rich diet on hepatic apoA-IV and apoA-I gene expression. The sucrose-rich diet was used to examine whether basal hepatic apoA-IV gene transcription rates in obese Zucker rats could be altered by dietary factors other than fish oil, which did not affect those rates. A sucrose-rich diet has been shown to increase hepatic apoA-IV gene transcription in Sprague-Dawley rats (25) . The sucrose diet increased apoA-IV gene transcription from 100±16 to 197±30% of control in lean rats (P < 0.05, analysis of variance, Scheffre test, three pools oftwo rats per group), and from 1 13±14 to 207±18% of control in obese Zucker rats (P < 0.01, analysis of variance, Scheffle test, three pools of two rats per group). apoA-IV mRNA abundance increased from 100±9 to 376±57% of control in lean rats (P < 0.05, analysis of variance, Scheffe test, three pools of two rats per group) and from 379±53 to 671±81% of lean control in obese rats (P < 0.05, analysis of variance, Schefie test, three pools oftwo rats per group). Thus, the stimulation of apoA-IV gene transcription in response to a sucrose-rich diet was maintained in both lean and obese Zucker rats. The sucrose-rich diet did not alter the transcription rate of the apoA-I gene (92±13% of control in lean and 1 15±10% of control in obese Zucker rats, three pools of two rats per group), as reported earlier in Sprague-Dawley rats (25) .
Discussion
Our experiments demonstrate that genetic obesity in the Zucker rat is associated with specific changes in the hepatic expression of the apoA-IV gene. Basal apoA-IV gene expression is increased by a posttranscriptional mechanism operating within the nucleus. Furthermore, genetic obesity in Zucker rats renders the apoA-IV but not the apoA-I gene unresponsive to transcriptional downregulation by a fish oil diet.
Posttranscriptional stabilization or more efficient processing (or both) of apoA-IV mRNA precursors in liver cell nuclei of obese Zucker rats is suggested by increased abundance of nuclear and cytoplasmic apoA-IV RNA and similar apoA-IV transcription rates in liver cell nuclei of lean and obese Zucker rats (Table I and Figs. 1 and 3) . Regulation of apolipoprotein apoA-I gene transcription rates were determined by run-on assays using isolated liver cell nuclei from two sets of animals (I and II) fed fish oil diet or rat chow for 3 wk. Pooled nuclei from five rats per group were used in animal set I and three pools of two rats each group were used in animal set II. Hybridizations of newly synthesized 32P nuclear RNA were performed in duplicate to quintuplicate. 32P nuclear RNA input was 7 and 9 X 106 cpm for animal sets I and II, respectively. Results are corrected for hybridization efficiency (32±4% in animal set I, 18±3% in animal set II) determined by a 3H-apoA-I cRNA standard (1,000 cpm) included in the reactions and expressed as ppm of 32P nuclear RNA input. The abundance of nuclear apoA-I RNA and total cellular apoA-I mRNA was determined in duplicate by quantitative slot blotting of RNA pooled from five animals per group for animal set I and in three pools of two rats in animal set II. Results are given as means±SD. * Significantly different from lean (Fa/-) controls fed chow, P < 0.01, analysis of variance, Scheffe test. * Significantly different from obese (fa/fa) controls fed chow, P < 0.05, analysis of variance, Schefft test. § Significantly different from obese (fa/fa) controls fed chow, P < 0.01, analysis of variance, Scheffe test. gene expression at the level of mRNA maturation has been previously described. Nuclear processing of apoA-I RNA species is increased in chronic hyperthyroidism; this increase results in greater abundance ofcytoplasmic apoA-I mRNA (37) . The enhanced apoA-I mRNA maturation in livers of chronic hyperthyroid rats is associated with specific changes in steadystate levels of individual nuclear apoA-I RNA species, implying protection of an mRNA precursor from degradation or more efficient splicing (40) . However, the mechanism altering nuclear apoA-IV RNA maturation in obese Zucker rats appears to be different, since the proportions of nuclear apoA-IV mRNA precursors were similar in obese and lean Zucker rats (Fig. 3) . We, therefore, hypothesize that genetic obesity may affect an early step in the apoA-IV mRNA maturation pathway preceding splicing, i.e., it may enhance the stability of the primary transcript. Such a mechanism has been suggested for the regulation of the human liver/bone/kidney-type alkaline phosphatase gene in osteoblast and nonosteoblast cell lines (41) .
Changes in RNA metabolism in the nucleus or cytoplasm also account for the large difference in basal hepatic apoA-IV mRNA abundance between the inbred mouse strains C57BL/ 6 and 129/J (10). In 129/J mice, the altered mRNA stability may result from a 12-bp deletion within a polymorphic tandem repeat region at the 3' end of the apoA-IV gene, but trans-acting factors may play a role as well (42) . Even though the studies in inbred strains of mice did not distinguish between nuclear and cytoplasmic RNA stabilization, it is conceivable that homologous sequences may play a role in the altered maturation of apoA-IV mRNA that is observed in obese Zucker rats. Another example of posttranscriptional regulation ofapoA-IV gene expression is the increased abundance ofmature apoA-IV mRNA in chronic hyperthyroidism. In this setting, the stability of apoA-IV mRNA is enhanced in the cytoplasm (40) . Changes in hepatic apoA-IV mRNA abundance have also been demonstrated in a number of other metabolic conditions, but the underlying mechanisms have not been elucidated (43, 44) .
Fish oil diets reduce the net production of apolipoproteins in rat liver at different levels of gene expression. Posttranslational events have been implicated in the downregulation of apoB secretion, whereas decreased mRNA abundance accounted for reduced apoE production (26). Net production of apoA-IV in hepatocyte cultures from rats fed a fish oil diet is reduced (26). Our studies in lean Zucker rats are consistent with these results and show that a fish oil diet reduces the abundance of hepatic apoA-IV mRNA and that the reduction can be accounted for by downregulation oftranscription. The physiological significance of the decreased hepatic apoA-IV expression is not fully understood. Although the detailed functions of apoA-IV remain to be established, there is evidence to suggest that apoA-IV plays a role in triglyceride transport. Plasma apoA-IV levels are correlated with plasma trigyceride levels ( 16) , and the level of apoA-IV gene expression resembles that of triglyceride transport during development ( 17, 43) . ApoA-IV enhances the transfer ofapoC-II to trigyceride-rich lipoproteins in vitro and may, therefore, facilitate the catabolism of triglyceride-rich lipoproteins in the circulation ( 15 50) , but no information is available on the elements that govern the response of the apolipoprotein genes to nutritional stimuli.
A major finding of our study is that genetic obesity in Zucker rats abolishes the suppression of apoA-IV gene transcription by the fish oil diet. This result was a consistent finding in two sets of animals from different suppliers. Furthermore, this altered transcriptional regulation appears to be specific for the apoA-IV gene, since apoA-I gene expression decreased in both lean and obese rats in response to the fish oil diet. Thus, even though the genes coding for apoA-I and apoA-IV arose from an ancestral gene and share extensive sequence homologies (51), specialization in sequences conferring transcriptional suppression must have occurred.
As reported earlier for Sprague-Dawley rats (25) , the sucrose-rich diet stimulates hepatic apoA-IV gene transcription in both lean and obese Zucker rats. Thus, the insensitivity of hepatic apoA-IV gene transcription in obese Zucker rats to regulation by dietary factors is not absolute, and some of the sequences involved in the regulation of gene expression by diets must be accessible to trans factors. Hence, major changes in the chromatin structure of the apoA-IV gene are probably not involved in the lack oftranscriptional suppression in obese Zucker rats.
One possible mechanism for the defective response of the hepatic apoA-IV gene to a fish oil diet in obese Zucker rats is an altered intracellular balance of trans factors. The cis and trans factors by which obesity genes such as fa affect the transcription ofother genes are largely unknown. However, some mechanistic insight has been presented for the reduced expression of adipsin, a serin protease, in adipose tissues of rodent obesity models. Studies in transgenic mice have shown that cis elements located within the promoter region mediate the response of the adipsine gene to the mouse db obesity gene, resulting in decreased transcription in adipose tissue (52) .
An alternative mechanism, which is not exclusive of that above, relates to possible changes in signal transduction pathways mediating effects of dietary fish oil on gene expression. Among the numerous hormonal changes described in obese Zucker rats (reviewed in reference 53), hyperinsulinism, insulin resistance, high insulin/glucagon ratios, and increased plasma glucocorticoid levels may affect apoA-IV biosynthesis in rat liver (43, 54) and may, therefore, play a role in the altered regulation of apoA-IV gene transcription. Changes in thyroid hormone status are unlikely to abolish the suppression of apoA-IV gene transcription by the fish oil diet, since circulating thyroid hormone levels are reduced in obese Zucker rats (55) and hypothyroidism is characterized by decreased apoA-IV transcription (40) . Omega-3 fatty acids contained in fish oil are thought to be the key mediators for reduced triglyceride synthesis and very low density lipoprotein secretion that is observed after a fish oil diet (47, 56) . In livers of obese Zucker rats, the concentration of endogenous fatty acids is increased severalfold (57) . Endogenous fatty acids may compete with the dietary omega-3 fatty acids and may, therefore, reduce or abolish the effects of omega-3 fatty acids.
Hepatic apoA -I V Gene Expression in Genetically Obese Zucker Rats 1771 In conclusion, obese (fa/ fa) Zucker rats exhibit altered hepatic apoA-IV gene expression compared with lean (Fa/ -) Zucker rats. On a basal diet, the maturation of apoA-IV mRNA is enhanced; on a fish oil diet, transcription from the apoA-IV gene is not suppressed. Since omega-3 fatty acids are used as lipid-lowering regimens in humans and the obese Zucker rat is a model of human obesity, our findings may contribute to the understanding of the interactions of dietary and genetic factors in the regulation of plasma lipoprotein levels in humans.
